ADDITIONAL INDEX WORDS. survey, best management practices, turfgrass industry SUMMARY. Turfgrass management best management practices (BMPs) encompass a wide variety of activities, including fertilization, irrigation, mowing, pest control, and soil management. Little attention is given to determining just how effective information regarding BMPs is being assimilated and used by professional turfgrass managers. The objectives of this study were to assess the current perception and implementation of selected turfgrass BMPs and to determine whether or not those perceptions and implementations differed 1) between turfgrass advisors and managers and 2) between general and sports turfgrass managers. Professionals from the turfgrass industry, with an average of 13 years of experience and largely comprised of decision-makers (88%), were surveyed at the University of California, Riverside, Turfgrass Research Conference and Field Day in Fall 1998 and 1999. Turfgrass managers, especially sports turfgrass managers, were found to be the most committed to implementing the BMPs in the survey. Overall, survey respondents considered BMPs to be important and not highly difficult to implement. Limitations to the adoption of BMPs were a lack of financial backing, employee education, and necessary time-all of which could be remedied with a sufficient commitment of resources by the turfgrass industry.
SUMMARY. Turfgrass management best management practices (BMPs) encompass a wide variety of activities, including fertilization, irrigation, mowing, pest control, and soil management. Little attention is given to determining just how effective information regarding BMPs is being assimilated and used by professional turfgrass managers. The objectives of this study were to assess the current perception and implementation of selected turfgrass BMPs and to determine whether or not those perceptions and implementations differed 1) between turfgrass advisors and managers and 2) between general and sports turfgrass managers. Professionals from the turfgrass industry, with an average of 13 years of experience and largely comprised of decision-makers (88%), were surveyed at the University of California, Riverside, Turfgrass Research Conference and Field Day in Fall 1998 and 1999. Turfgrass managers, especially sports turfgrass managers, were found to be the most committed to implementing the BMPs in the survey. Overall, survey respondents considered BMPs to be important and not highly difficult to implement. Limitations to the adoption of BMPs were a lack of financial backing, employee education, and necessary time-all of which could be remedied with a sufficient commitment of resources by the turfgrass industry.
T here are numerous definitions of the phrase best management practice, which vary depending on the specific context involved, as well as the currently accepted standards and goals of agronomic management. In general, BMPs are considered to be a set of guidelines or procedures which have been determined, as part of an overall program, to be an effective and practical (technically, socially and economically) method for reducing, preventing, or controlling undesirable effects of management; promoting or maintaining beneficial effects of management; and/or protecting the environment or natural habitat (Campbell, 1996; Hubbard et al., 1998; King County, Wash. Dept. of Transportation, 2000; Lindsey et al., 1998; Logan, 1990; Ohio State Univ. Ext., 1996; One Plan, 2001; South Carolina Forestry Commission, 2001 ; U.S. Environmental Protection Agency, 2000; Yergert et al., 1993) .
Turfgrass-related BMPs encompass a wide variety of activities, including fertilization, irrigation, mowing, pest control, and soil management. There is a great deal of financial support, often rotating the support among several sources. Often, the funding source is permitted to place a small selected educational advertisement in the newsletter.
One of the concerns expressed over the involvement of industry in the production of educational materials is the neutrality of the resulting information and presentation of that material. We have not faced any conflict-of-interest issues pertaining to the presentation of educational materials in an unbiased fashion. We have allowed appropriate and educational commercial advertising in the industry-sponsored publications.
Extension has a large responsibility to provide education to our stakeholders, however, the costs, the need for high quality, and the need for short turnaround time of projects are challenging for the extension service. We must continually search for innovative methods to fund and carry out our extension programs. We have found considerable success in Florida with partnering with commodity organizations and allied industries and their associations. Other states are beginning to use this approach in covering the costs of their extension publications. In the southeastern U.S. (North Carolina, South Carolina, Alabama, Mississippi, and Georgia) state's commercial vegetable recommendations will be produced with industry support.
literature concerning proper implementation strategies or evaluating the efficacy of specific BMPs. However, little attention has been given to determining just how effective information regarding BMPs is being assimilated and used by professional turfgrass managers.
BMP information needs to be made readily available to those making turfgrass management decisions. This function is often served by educational outreach and extension programs that disseminate and promote BMPs. A logical starting point for such programs is to determine what BMPs turfgrass managers (and their advisors) are aware of, and which BMPs, if any, are currently being implemented. The objectives of this study were to assess the current perception and implementation of selected turfgrass BMPs and to determine whether or not those perceptions and implementations differed 1) between turfgrass advisors and managers and 2) between general and sports turfgrass managers.
Materials and methods
Professionals from the turfgrass industry were surveyed at the University of California, Riverside, Turfgrass Research Conference and Field Day in Fall 1998 and 1999. These conferences were attended by professional turfgrass managers, personnel working in the turfgrass industries, educators, and consultants from the southern California region. The participants were asked to complete the surveys during a 10-min period following a short presentation regarding BMPs for managing tall fescue (Festuca arundinacea). There were 191 surveys collected from the 1998 conference and 190 surveys collected from the 1999 conference, for a total of 381 surveys. In 1999, the survey asked the participants if they had answered the survey in the previous year. Responses of yes or not sure eliminated 76 surveys, leaving a total of 305 surveys as part of the data set. Although this was a sample of convenience (Guilford, 1978; Iversen and Norpoth, 1976; Kish, 1965; Vogt, 1999) , which does require caution in terms of generalizability of the data, we believe the survey respondents represented a cross-section of the decisionmakers in the turfgrass industry in southern California. A recent survey conducted by Templeton et al. (2000) on the environmental horticulture industry in California included a number of comparable job categories. The distribution they found was similar to our sample.
The survey instrument consisted of two sections (Table  1) : the first section requesting basic information about the conference participants, and the second section gauging their activities and perceptions of eight BMPs.
Most of the survey focused on gauging the respondent's activities and perceptions of eight BMPs, including 1) water conservation; 2) fertility program development; 3) turfgrass selection; 4) mowing program development; 5) integrated pest management (IPM); 6) protecting groundwater and surface water from potential contamination from turfgrass chemicals and fertilizers; 7) protecting nontarget plants, animals and humans from the potential toxic effects of turfgrass chemicals; and 8) protecting native habitats during turfgrass construction and maintenance. The respondents indicated, for each BMP, 1) their perceptions regarding its importance, 2) if it was being currently implemented, 3) if they were likely to continue or to start the practice, and 4) their perceptions regarding its difficulty level. The survey also asked the respondents to identify the factors which have limited their ability to adopt BMPs and which of six fertilization and six irrigation practices they consistently performed.
There were several types of questions in the survey, including 1) questions which asked for simple, basic information about the respondents themselves, which was then summarized or averaged (questions 1, 2b, and 2c); 2) questions which asked for a single response from a list of possible responses for which the percentages of respondents which indicated each possible answer were determined (questions 2a, 3, 9, and 10); 3) questions which asked survey respondents to check all that apply from a list of possible responses for which the percentages of respondents which indicated each choice were determined (questions 4, 6, 7, and 8); and 4) questions which included a series of BMPs which asked respondents to note, for each BMP, on a 1 to 5 scale its importance (1 = not important, 5 = very important), how often it was being currently implemented (1 = never, 5 = always), if they were likely to continue or start the BMP (1 = not likely, 5 = very likely), and its difficulty level (1 = easy, 5 = hard) (questions 5a-h).
To facilitate statistical analysis by the chi-square statistic, turfgrass industry job classifications were coded into advisors and managers. The managers were further coded into general and sports turfgrass managers (Table 2 ). Sod and turfgrass seed producers were not included in any of the coding or chisquare analyses because their management practices are substantially different from typical turfgrass managers. Respondents who indicated "other" or who indicated multiple turfgrass industry job classifications were also not included.
The responses to two sets of questions were then analyzed with chi-square tests of independence in a 2 × 2 frequency table for both advisors versus managers and general versus sports turfgrass managers. The first set of questions to be analyzed in this manner were regarding the factors limiting the adoption of BMPs and the implementation of specified fertilization and irrigation practices, with each factor or practice coded as yes (if checked) or no (not checked). The second set of questions were regarding the series of eight BMPs, with the responses from the original 1 to 5 scales being coded into "low to moderate" (1 to 3) and "high" (4 to 5). z A/U = always/usually, R/N = rarely/never. y A/M = advisor/manager, G/S = general/sports turfgrass.
x Percentages under always/usually and rarely/never total 100% of respondents for a given turfgrass industry job classification. w Includes one survey respondent that did not answer the question regarding turfgrass industry job identification.
Results and discussion
The respondents to the surveys were primarily managers of public (government/public property) sites (41%), golf courses (19%), private (commercial/residential) sites (8%), and manufacturers or sales representatives of turfgrass-related products (6%) ( Table 2 ). The vast majority of the respondents were from southern California (88%) and they had an average of 13 years of experience in the turfgrass industry. The respondents managed a wide variety of turfgrasses, including bermudagrass (Cynodon sp., 82%), tall fescue (57%), perennial ryegrass (Lolium perenne, 56%), kikuyugrass (Pennisetum clandestinum, 40%), annual bluegrass (Poa annua, 27%), and creeping bentgrass (Agrostis palustris, 25%). Most notably, the respondents were decision-makers, with a total of 88% indicating they were always or usually responsible for turfgrass management decisions or recommendations at their site. This is precisely the audience that educational outreach and extension programs, which are vital for conveying what is learned from scientific research to the turfgrass industry, will need to reach in order to have an impact on turfgrass management practices.
Factors limiting adoption of BMPs
The single most common factor which limited the ability of all survey respondents to adopt BMPs was cost or financial limitations (58%) ( Table 3) . About a third of all respondents also chose employee skill level and time (37% and 35%, respectively) as important limitations. Notably only 8% of all respondents indicated that not considering BMPs to be important was a limiting factor for adopting BMPs. However, advisors (18%) were more likely than managers (6%) and general turfgrass managers (9%) more likely than sports turfgrass managers (2%) to indicate this as a limiting factor. Also, lack of organization or planning was more of a limiting factor for general turfgrass managers (26%) than sports turfgrass managers (14%). FERTILIZATION PRACTICES. Most respondents indicated that they consistently apply appropriate amounts of nitrogen specific for turfgrass species and requirements of turfgrass use (61%), apply nitrogen based on seasonal growth patterns and need (59%), and apply different combinations of slow-and fast-release nitrogen sources according to seasonal growth and expected rainfall (53%) ( Table 4 ). More than a third (37%) of all respondents also indicated that they conduct soil fertility tests every 1 to 2 years. The least common practices were applying phosphorus and potassium relative to annual nitrogen applied (26%) and avoiding fertilization prior to rain (12%).
There were no differences between advisors and managers for any of the fertilization practices. However, 23% to 37% more sports turfgrass managers than general turfgrass managers indicated that they were consistently performing several of the practices.
IRRIGATION PRACTICES. Most respondents (86%) indicated that they consistently check irrigation systems for proper function (Table 5 ). About two-thirds of all respondents also indicated that they consistently adjust irrigation clocks at least every 3 months (68%) and size nozzles for balanced precipitation on rotor systems (62%). About half of all respondents consistently cycle irrigation on slopes to prevent runoff (55%) and irrigate according to weather station or soil moisture sensor data (49%). Only 41% of all respondents indicated they consistently check system operating pressures.
There were no differences between advisors and managers for any of the irrigation practices. However, more general turfgrass managers (81%) than sports turfgrass managers (49%) indicated they consistently adjusted irrigation clocks at least every 3 months. Also, 20% more sports turfgrass managers than general turfgrass managers noted they irrigated according to weather station or soil moisture sensor data.
Perceptions and commitment to BMPs in terms of different job categories
Overall, most respondents considered all eight of the BMPs to be highly important (i.e., rating them 4 or 5 on the 1 to 5 scale, with 5 being highest), ranging from 64% for protecting native habitats during maintenance and construction to 83% for fertility program development (Table 6 ). The respondents also considered the BMPs to not be highly difficult-only 22% to 37% rated the BMPs with a 4 or 5 (on the 1 to 5 scale, with 5 being most difficult). Despite the recognition of the importance of the BMPs and the fact that they are generally not highly difficult to implement, only about half to two-thirds of all respondents were conducting the practices with high frequency (ratings of 4 or 5 on the 1 to 5 scale, with 5 being most frequent), or were highly likely to continue or start a practice (ratings of 4 or 5 on the 1 to 5 scale, with 5 being most likely). For all eight of the BMPs in the survey, there were differences between the responses of advisors and managers and between general and sports turfgrass managers, as noted below.
WATER CONSERVATION. More turfgrass managers than advisors considered water conservation to be highly important (83% to 69%, respectively). Managers were also more likely to be implementing water conservation with a high frequency than advisors (60% and 44%, respectively) and to continue or start the practice (73% and 53%, respectively). There were no differences between general and sports turfgrass managers in terms of their perceptions and commitment to water conservation.
FERTILITY PROGRAM DEVELOPMENT. There were no differences between advisors and managers in terms of their perceptions and commitment to fertility program development. However, more sports turfgrass managers than general turfgrass managers considered this practice to be highly important (90% to 78%, respectively). Sports turfgrass managers, when compared to general turfgrass managers, were also more frequently implementing (76% to 48%, respectively) and more likely to continue or start the practice (79% to 59%, respectively).
TURFGRASS SELECTION. Managers were somewhat more z Total number of respondents = 256; A = advisor, M = manager. y Total number of respondents = 220; G = general, S = sport.
x Responses originally on a 1 to 5 scale (5 = highest) with 1 to 3 coded as "moderate/low" and 4 to 5 as "high." w Total number of respondents from all job classifications = 305. NS,+ , *,**,*** Nonsignificant or significant at P ≤ 0.10, 0.05, 0.01, or 0.001, respectively, by the chi-square test of independence in a 2 × 2 frequency table.
G July-September 2002 12 (3) likely than advisors to view turfgrass selection as highly important (75% to 61%, respectively). However, only about half of all respondents were either performing this practice with high frequency (47%) or likely to start or continue this practice (55%). Overall, only 33% of the respondents considered the practice to be highly difficult, although more sports turfgrass managers (43%) than general turfgrass managers (30%) considered it to be highly difficult. MOWING PROGRAM DEVELOPMENT. Only 53% of advisors considered mowing program development to be highly important as compared to 82% of managers. Similarly, managers were conducting this practice with higher frequency and were more likely to continue or start the practice than were advisors (differences of 28% and 29%, respectively). Overall, 79% considered the practice to be highly important, and only 24% considered it to be highly difficult to implement. There were no differences between general and sports turfgrass managers in regards to this BMP.
INTEGRATED PEST MANAGEMENT. IPM was viewed by managers to be more highly important than it was by advisors (73% and 58%, respectively), and managers were more highly likely to continue or start the practice than advisors (58% and 42%, respectively). Less than half of both managers and advisors practiced IPM with high frequency (49% and 42%, respectively). Most of the general and sports turfgrass managers considered IPM to be highly important (70% and 78%, respectively), but sports turfgrass managers were more frequently conducting IPM and more highly likely to continue or start IPM than general turfgrass managers (a difference of 24% and 17%, respectively).
PROTECTING WATER SOURCES FROM CHEMICALS AND FERTILIZERS. There were no differences between advisors and managers when it came to protecting groundwater and surface water sources from potential contamination from turfgrass chemicals and fertilizers, and only one difference between general and sports turfgrass managers (19% more sports turfgrass managers were more highly likely to be frequently conducting the BMP than general turfgrass managers).
PROTECTING NONTARGETS FROM CHEMICALS. Managers were more attentive to protecting nontarget plants, animals and humans from the potential toxic effects of turfgrass chemicals than were advisors. There were 15% more managers than advisors who considered the BMP to be highly important, and 16% to 17% were more highly likely to be conducting this practice or likely to continue or start this practice, respectively. There were no differences between general and sports turfgrass managers in regards to this BMP.
PROTECTING NATIVE HABITATS DURING CONSTRUCTION AND MAINTENANCE. The only difference between managers and advisors in regards to protecting native habitats during turfgrass construction and maintenance was that more managers than advisors were highly likely to continue or start the practice (55% and 36%, respectively). However, sports turfgrass managers and general turfgrass managers considered the BMP quite differently. Sports turfgrass managers considered the practice to be more highly important than general turfgrass managers (76% and 61%, respectively) and were more highly likely to be frequently conducting the BMP or highly likely to continue or start the BMP (a difference of 14% and 17%, respectively). Further, 40% of sports turfgrass managers, compared to 26% of general turfgrass managers considered protecting native habitats to be highly difficult to implement.
Conclusion
Overall, the survey respondents considered BMPs to be important, although turfgrass managers, especially sports turfgrass managers, were the most likely to be committed to the BMPs listed in the survey. The survey respondents also did not generally consider the BMPs to be difficult to implement. Together, this suggests that what is needed is a greater commitment to provide the financial backing, employee education, and necessary time which has previously limited the adoption of important BMPs. Educational outreach and extension programs will play an important role in this effort, and in order to most effectively create such programs, more indepth and rigorous surveys of the turfgrass industry are necessary.
